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(54) DRY ETCHING METHOD 

(57)Abstract: 

PURPOSE: To provide a dry etching method to detect the etching 
end point accurately by monitoring emission spectrum changes. 
CONSTITUTION: While the emission spectrum is monitored during 
etching, the desired spectrum intensity out of the range of 210nm- 
236nm in wavelength, especially any one of 219.0nm, 230.0nm, 
2T1.2nm, 232.5nm and 224-229nm, is measured to determine the 
dry etching end point. Therefore, even if the system contains a 
large volume of additive gases such as argon gas, etc., or the 
object to be etched has a small etching area (low numerical 
aperture) per area, the changes of formation gas can be detected 
accurately. 
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* NOTICES * 
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damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The dry etching approach characterized by determining the terminal point of dry etching by 
measuring the request spectral intensity which faced carrying out dry etching of the processed object with 
etching gas, and was chosen from the request wavelength within the limits of 210nm - 236nm. 
[Claim 2] The dry etching approach according to claim 1 characterized by for said etching gas being CF 
system gas, and said wavelength being either 219.0nm, 230.0nm, 211.2nm, 232.5nm and 224-229nm. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the dry etching approaches, such as a semi-conductor 

substrate. 

[0002] 

[Description of the Prior Art] In the semi-conductor production process, dry etching serves as an 
indispensable technique, in order to form a detailed pattern. This etching is the approach of generating the 
plasma using reactant gas in a vacuum, and removing the object using the ion in the plasma, the neutral 
radical, the atom, the molecule, etc. 

[0003] By the way, if etching is continued after an etching object is removed completely, since furring will 
be shaved superfluously or an etching configuration will change, in order to prevent this, it is a very 
important matter to detect the terminal point of etching correctly. For this reason, the luminescence 
reinforcement of the product by etching was supervised as a typical method of detecting the terminal point 
of etching conventionally, and the terminal point was judged based on change of this luminescence 
reinforcement. For example, when etching a silicon dioxide with the etching gas of CF system, the 
luminescence reinforcement of the carbon monoxide which is a resultant is supervised, and the method of 
judging a terminal point based on this luminescence change on the strength is proposed (JP.63-81 929,A, 
JP,1-230236,A, etc.). That is, since it will no longer be generated if an etching object is lost, although a 
resultant exists in a reaction container during etching, the luminescence reinforcement of a resultant 
decreases rapidly. Therefore, if the optical strength reduction of the specific wavelength originating in a 
resultant is caught, the terminal point of etching is detectable. 

[0004] By the way, adding addition gas other than etching gas so much compared with etching gas, in order 
to attain stabilization of the plasma in etching, or in order to enlarge selectivity over the substrate film or a 
resist is performed, for example, although an argon may be added in CF system gas in order to attain 
stabilization of the plasma, the emission spectrum of this argon gas itself has spread in band-like, and the 
spectrum of the carbon monoxide which is a resultant should lap into this spectrum, and it should be buried 
— there is 

[0005] luminescence reinforcement is conventionally supervised within the limits of about 300-900nm from 
the request of the sensibility of detection equipments, such as a spectrophotometer, etc., and especially 
the peak of the spectrum of a carbon monoxide is accepted — 482.0nm is used suitably, however, since 
the range of such wavelength is approximated very much with 350-860nm which is the strong 
luminescence wavelength range of an argon, the emission spectrum of a carbon monoxide should be buried 
into the emission spectrum of the plasma itself as mentioned above — the luminescence reinforcement of 
a carbon monoxide which will not ** is correctly undetectable. 

[0006] And when it is in the inclination for an etching object domain to become very small by promotion of 
the inclination of detailed-izing in recent years, for example, a numerical aperture becomes still smaller 10% 
or less, the ratio, i.e., the numerical aperture, of area of an etching object domain to the whole surface 
product of a wafer, it is 2 or about 3%. For this reason, it was difficult for the capacity of the generated 
carbon monoxide to be unable to turn into a minute amount (1/100 or less [ for example, ]) compared with 
the argon capacity to introduce, and to be unable to detect luminescence reinforcement of a carbon 
monoxide correctly, but to specify the terminal point of etching. 



[0007] For this reason, the approach (JP.63-91929.A) of supervising the difference or ratio with 
luminescence reinforcement of addition gas with the luminescence reinforcement of a product etc. is 
proposed. However, generally, the reinforcement of the emission spectrum from the plasma system of 
reaction was difficult to search for an etching terminal point correctly, even if it is swinging continuously by 
slight fluctuation of a power outlet, the effect of a mass appropriation controller, fluctuation of the 
processing pressure force, the rise of the substrate temperature resulting from the plasma, etc. and this 
fluctuation was supervising change of luminescence reinforcement such as generation gas, and change of a 
difference with the luminescence reinforcement of addition gas as mentioned above owing to. 
[0008] This invention was made in order to solve such a conventional trouble, and it is faced carrying out 
dry etching of the semi-conductor substrate etc., and it aims at offering the dry etching approach that an 
etching terminal point is correctly detectable. 
[0009] 

[Means for Solving the Problem] By measuring the request spectral intensity chosen from the request 
wavelength within the limits of 210nm - 236nm, the dry etching approach of this invention of attaining such 
a purpose controls the dry etching of a silicon dioxide or a silicon compound, suitably, measures the 
spectral intensity of the wavelength of either 219.0nm f 230.0nm, 211.2nm, 232.5nm and 224-229nm, and 
controls dry etching. 
[0010] 

[Function] By supervising the luminescence reinforcement of the generation gas in the specific range of 
the ultraviolet region from which it separated from the strong luminescence wavelength range of addition 
gas, active jamming by the emission spectrum of addition gas can be lessened, change of exact 
luminescence reinforcement can be measured, and, thereby, the terminal point of etching can be detected 
correctly. 
[0011] 

[Example] Hereafter, the dry etching approach of this invention is explained with reference to a drawing. 
Drawing 1 is drawing showing the etching system 1 to which the dry etching approach of this invention is 
applied, and consists of the electrodes 4 and 5 of a pair which countered the vacuum chamber 3 and the 
vacuum chamber 3 for mainly introducing etchant, generating the plasma and etching the processed object 
2, for example, a semi-conductor substrate, and were installed, and the control section 6 for supervising 
the emission spectrum in the vacuum chamber 3. Etching shall etch alternatively the silicon dioxide film 
formed on the processed object 2, for example, a silicon wafer. 

[0012] The vacuum chamber 3 is connected with the cassette chamber which contains the processed 
object 2 through the load lock chamber which is not illustrated if needed and which is not illustrated 
through the gate valve 7, can open a gate valve 7 and can convey the processed object 2 according to a 
conveyance device. Moreover, the exhaust pjpe 10 for exhausting the gas installation tubing 9 and surplus 
gas which introduce inert gas, such as CF system gas of etchant 3, for example, CHF, and CF4 grade and 
an argon, and helium, reaction generation gas, etc. is connected, and the vacuum chamber 3 can maintain 
the inside of the vacuum chamber 3 at predetermined degree of vacuum, for example, 200mTorr extent. 
[0013] The parallel plate electrode is constituted, on the other hand, the up electrode 4 is grounded, for 
example, the lower electrode 5 of another side is connected to RF generator 12 through the capacitor 11, 
and electrodes 4 and 5 impress high-frequency voltage between two electrodes. Moreover, since the 
processed object 2 is laid by the lower electrode 5 and this processed object 2 is certainly fixed, 
KURAMBA etc. is prepared. 

[0014] Furthermore, in order to make luminescence of the plasma generated between an electrode 4 and 5 
penetrate outside, the aperture 1 3 which consists of ultraviolet radiation permeability ingredients, such as a 
quartz, is formed in the side face of the vacuum chamber 3. This aperture 13 is approached and the lens 14 
for condensing the light which penetrated the aperture 13 is installed. This lens 14 also consists of 
ultraviolet radiation permeability ingredients, such as a quartz. Thus, by using ultraviolet radiation 
permeability ingredients, such as a quartz, as an ingredient of an aperture 13 and a lens 14, the light of a 
spectral range 250nm or less can also be condensed. The light condensed with the lens 14 is sent to a 
control section 6 through the optical fiber 15 which consists of a quartz. 

[0015] A control section 6 supervises change of the electrical potential difference corresponding to the 
spectroscope 61 which carries out the spectrum of the light to the spectrum of the predetermined range, 
the optical/electrical converter 62 which changes into the electrical and electric equipment the light of the 



. specific wavelength obtained with the spectroscope 61, amplifier 63, and the light of the above-mentioned 
specific wavelength, and consists of the judgment section 64. The thing to light 300nm or less which has 
good sensibility is used for a spectroscope 61. It is desirable to use either the specific wavelength chosen 
from the request wavelength within the limits of 210nm - 236nm, 219.0nm, 230.0nm, 21 1.2nm, 232.5nm and 
224-229nm as wavelength to supervise. The judgment section 64 consists of an A/D converter, CPU, etc., 
supervises luminescence reinforcement, catches the change, performs a suitable operation if needed, and 
detects the terminal point of etching. 

[0016] Next, the dry etching approach concerning this invention in the etching system 1 constituted as 
mentioned above is explained. First, according to the conveyance device which is not illustrated, the semi- 
conductor substrate which is the processed object 2 is conveyed from a load lock chamber 8, and is laid in 
the lower electrode 5. On the silicon dioxide film of this semi-conductor substrate, the mask of a 
predetermined pattern configuration is formed through the exposure process. 

[0017] Subsequently, after closing a bulb 7 and carrying out vacuum suction of the inside of the vacuum 
chamber 3 to a predetermined degree of vacuum through an exhaust pipe 10, While introducing inert gas, 
such as CF system gas, for example, CF3 gas, and CF4 system gas, and argon gas, by the predetermined 
flow rate as etching gas from the gas installation tubing 9 and maintaining to predetermined gas pressure, 
between two electrodes 4 and 5 Predetermined frequency, for example, 13.56MHz, Impressing a 
predetermined power value, for example, the high-frequency power of several 100 w, the plasma is 
generated and the silicon dioxide film part of processed object 2 front face is etched. 

[0018] CF system gas introduced in the vacuum chamber 3 is dissociated in the plasma, and generates the 
active species of varieties, and this participates in an etching reaction. For example, if CF2 gas is taken for 
an example as active species, the reaction by this CF2 radical will advance as follows, and products, such 
as a 2CF2+Si02 ->SiF4+2CO carbon monoxide, CO+ ion, a hydrogen radical, and a fluorine radical, will 
generate it. 

[0019] Although the carbon monoxide which is these generation gas, CO+ ion and the argon gas which is 
plasma stabilization gas, and CF gas which is etching gas emit light with a characteristic spectrum, 
respectively, this luminescence is sent to a control section 6 through an optical fiber 15 through the 
aperture 13 and lens 14 of the vacuum chamber 3, and is detected here. A spectroscope 61 carries out the 
spectrum of the sent light, and sends out the light of specific wavelength to an optical/electrical converter 
62. Although each emission spectrum of the gas of the above-mentioned plurality [ emission spectrum / 
which is obtained with a spectroscope 61 ] is compounded, the emission spectrum of a carbon monoxide or 
CO+ ion will lap with the spectrum of the argon gas which exists most nearly completely in 350-860nm. 
However, especially in 210nm - 236nm, luminescence originating in a carbon monoxide or CO+ ion is 
accepted in the place of the wavelength of 219.0nm, 230.0nm, 211.2nm, 232.5nm, and 224-229nm. 
Therefore, fluctuation of the generation gas in an etching terminal point is detectable by pursuing 
luminescence in ones of such wavelength. 

[0020] That is, the delivery optical/ electrical converter 62 changes into an optical/electrical converter 62 
the light of specific wavelength as which the spectroscope 61 was chosen from the request wavelength 
within the limits of 210nm - 236nm among the light by which the spectrum was carried out at the electrical 
and electric equipment of the strength corresponding to the optical reinforcement. By the way, while 
etching is performed, generating CO or CO+ but is continued drawing a specific reduction curve and 
carrying out [ are maintained at a constant rate, or ] sequential reduction, and if it becomes the terminal 
point of etching, it will usually decrease rapidly. Change of such generation gas is sent out to the judgment 
section 64 as magnitude of the electrical signal which comes out of an optical/electrical converter 62, and 
the judgment section 64 performs a predetermined operation based on this electrical signal, and detects 
the abrupt change of generation gas. This is judged, when it asks for the approximation curve of the change 
curve of for example, generation gas as an operation which the judgment section 64 performs and there is 
change beyond a predetermined threshold from this approximation curve. Or change judges the time of 
becoming beyond a predetermined threshold, and makes this an etching terminal point. 
[0021] Based on the judgment of this judgment section 64, etching is ended manually automatically. 
Moreover, with a processed object, when over etching is required, etching is ended after predetermined 
over etching time amount from the time of the judgment section 64 judging a terminal point. 
As example 1 etching gas, CHF3 was introduced into 20SCCM(s), 20SCCM(s) and argon gas were 
introduced for CF4 in the vacuum chamber by 400SCCM(s), and plasma etching was performed at 



250mTorKmt) RF1 3.56MHz, 600W, and the wafer temperature of -25 degrees C. A processed object is the 
wafer (it is called 100% of numerical apertures, and a following solid wafer) in which the 10000A silicon 
oxide film was formed on silicon. Same processing was performed using BEAWEHA (what does not form the 
oxide film) of silicon as an example of a comparison. The emission spectrum of a solid wafer and BEAWEHA 
is shown in drawing 2 . A thick line shows the emission spectrum of BEAWEHA of silicon among drawing, 
and a thin continuous line shows the emission spectrum of the solid wafer of 100% of numerical apertures. 
At BEAWEHA, by etching by the above-mentioned conditions, since it does not react, CO or CO+ is not 
generated but the spectrum with which etching gas and an argon (Ar) lapped is seen. Moreover, with the 
wafer in which the oxidation silicone film was formed, change of the spectrum resulting from CO or CO+ 
was accepted, and it turned out that this change is remarkable in 210nm - 236nm. Especially, by 21 1.2nm, 
219.0nm, 230.0nm, and 232.5nm, by BEAWEHA, the peak which is not seen was accepted and the 
increment in luminescence reinforcement was accepted over the range at 224-229nm. Therefore, by 
supervising the field where this peak or luminescence reinforcement changes shows that change of 
generation gas is correctly detectable. 

[0022] The emission spectrum near [ conventional ] terminal point detection wavelength (482nm) is shown 
in drawing 5 . This drawing is measured on the same conditions as drawing. 2 . In the case of a solid wafer, 
the increment in the amount of luminescence by luminescence of CO of a resultant can be checked from 
drawing 5 to near 400nm - 600nm. Near [ further conventional ] 482nm is the valley of luminescence of Ar 
of addition gas, and the luminescence peak of an argon on either side is the comparatively weaker one in 
400nm - 500nm with strong luminescence of CO, and spacing of Ar is the largest wavelength, and it turns 
out in a wavelength range 400nm or more that it is the optimal as terminal point detection wavelength. 
However, the luminescence reinforcement of CO in a solid wafer is about 1/10 of the luminescence 
reinforcement of nearby Ar, and there are only about 1 .5nm wavelength differences with Ar further. 
[0023] On the other hand, drawing 2 shows that the luminescence reinforcement of nearby CF1 (223.8nm) 
and the luminescence reinforcement of 219nm which is luminescence of the resultant from a solid wafer 
are almost equal near 219nm. Furthermore, a wavelength difference can fully carry out the spectrum of the 
luminescence of CO also for those with 4.8nm, and the cheap spectroscope of low resolution. Moreover, 
the part quantity of light which can lower resolution conversely is increased, and there is a merit which can 
also be strengthened to a noise. The comparison of these emission spectrums shows that the new 
detection wavelength of 219nm is excellent as terminal point detection wavelength. The quantity of light 
change under actual etching is shown in an example 2. 

Silicon oxide of 10% of numerical apertures is etched on the same conditions as example 2 example 1, and 
the result of having supervised the change (thick line) of luminescence reinforcement in 219.0nm 
accompanying etching progress and two rate of change (thin continuous line) of the luminescence 
reinforcement in 482.0nm at this time of day using the spectroscope is shown in drawing 3 . Luminescence 
reinforcement decreased gradually from etching initiation, it decreased quickly from the time of about 1 50 
seconds passing, and the curve became a flat after about 1 70 seconds so that clearly also from drawing 3 . 
That is, it turns out that etching was completed at this time. The value (rate of change) which converted 
the luminescence reinforcement at the time of 100 seconds for the difference of the luminescence 
reinforcement when extending the approximation curve of a reduction curve till 1 70 seconds and actual 
luminescence reinforcement as 100 was 3.4%. On the other hand, the rate of change (thin continuous line) 
of the luminescence reinforcement in 482.0nm which is the conventional measurement wavelength is 1.8%, 
and the approach of this invention has large rate of change, and it turns out that it excels. 
[0024] The same conditions show the quantity of light change under etching with a solid wafer (100% of 
numerical apertures) to drawing 6 . The solid wafer of rate of change is also large about twice by the 
approach of this invention, and drawing 6 shows excelling. 

It etched by having changed the degree of vacuum into 1.7Torr(s) (t) on the same conditions as example 3 
example 1, and asked for the rate of change in the case of 10% of numerical apertures. The rate of change 
in each wavelength in this case was shown in drawin g 4 . The rate of change in 250 in all mTorKs) (mt) was 
also shown. In addition, a thick line shows the spectrum of BEAWEHA in 250mTorKs) (mt) among drawing, a 
dotted line shows the spectrum of the solid wafer in 250mTorr(s) similarly, and a thin continuous line shows 
the spectrum of BEAWEHA in 1.7TorKs) (t). Moreover, the spectrum (500mTorr) at the time of introducing 
only argon gas as reference was shown. In the place with a wavelength of 219.0nm, 5% or more of rate of 
change was shown, and about 2% of rate of change was shown even in the place of 21 1.2nm, 230.0nm, and 



232.5nm so that clearly also from drawin g 4 . M 
[0025] It is clear from the above example the range of wavelength 210-236, and by supervising the ^ 
luminescence reinforcement of 219.0nm, 230.0nm, 21 1 .2nm, 232.5nm, and 224-229nm suitably that the 
terminal point of etching gas is correctly detectable. In addition, although only change of generation gas 
(CO or CO+) may be supervised for detection of the terminal point of etching gas, it cannot be 
overemphasized that you may combine with the terminal point detection approaches, such as taking the 
ratio of change of generation gas and change of etching gas. 

[0026] Moreover, although the above example explained the example which used the argon as CF system 
gas and addition gas as etching gas, the dry etching approach of this invention is applicable also to the dry 
etching approach using the etchant which has a luminescence peak in the dry etching approach or 
ultraviolet region which produces the generation gas which has a luminescence peak in an ultraviolet 
region. 

[0027] Furthermore, this invention may not be limited when etching the silicon dioxide film, when etching 
the polish recon film, the aluminium alloy film, etc., it may be applied, and they may be oxide films, the 
quality of the materials, for example, the polish recon, other than single crystal silicon, etc. as the quality of 
the material which is the substrate of the etched film. In addition, this invention is applicable to any etching 
system of the cathode coupling form where the processed object was put on the cathode side, and the 
anode coupling form where the processed object was put on the anode plate side, separately, generates 
the reactant gas plasma by the source of a thermoelectron etc. at a discharge room, and can be applied 
also to the etching approach of leading this to an etching field. 
[0028] 

[Effect of the Invention] Since the luminescence reinforcement in the specific wavelength of 210nm - 
236nm of an ultraviolet region was supervised on the occasion of etching according to the dry etching 
approach of this invention so that clearly also from the above explanation Even when there is little 
generation capacity which a numerical aperture should detect small, and even when a lot of inert gas is 
contained in etching gas and the concentration of generation capacity is low as a result, change of 
generation capacity can be pursued correctly and the terminal point of etching can be detected correctly. 
Furring can be shaved superfluously by this or superfluous etching of an etching configuration changing can 
be prevented. 



[Translation done.] 
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*iJ^Si56 4 iJtPfcJS*. ##S6 Hi. 3 0 0 n mfeTF 

<bLT«. 2 l 0nm~2 3 6nm©ffiHl*3©B>rMigfi 
*>6iStf#afc#5cjgS, 219. Onm. 230. On 
m. 2 1 1. 2nm. 2 3 2. 5 n mM2 2 4 ~2 2 50 
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9 nm©l>rnfr£/jH>SC<i#jT£U>. £]£gP6 4 
«. «*«A/DSE»St>CPUtt£*»6fiR0. ffefcSS 
K*iaaL-ce©SMb*fSit. i&Stcftta^&atff* 
Irftt*. x-y^>^©^A$rt^mf £. 
[0 0 16] ^K«±©J: ^ K^SX? ti5 i ^ > 

-cbhws. sr. t6^a(*2-c*s*^(*ss{j@^ 

TSPm® 5 (ciSSS hi. C ©¥af{*g«© rJMBS* 
■LtCCBBfS©^* - >^t^©v^ *#S3£lfI**I-C 

[ooi 7 ] •jt^vwfi&mcmimi o^Lt 

XiAf9*>6iyf>^Xil-CCFS^, M* 
«C F , HXTSi&C F.JfkUX t T <fr=f >#X«<D33£1£ 
%»f5e©i3£S-c3IAO-C»r3£©//^E«:«Ht-r S <fc 
<t fe KMmS4 . 5 NtCBfEffiKlHflX.tf 13. 5 6 M 

h z . Bf£flc&fBfflx.t2Sk i o o wonmmmu&wm 

[0018] M&9-f >^3P^icmX^titcCFmtf^ 

F 2 #*;*£WC ££<!:. C©CF,-'7^*il'«:J;4JSJS« 
2CF, + Si O,— S i F. + 2CO 

— BMbSSR. c'owt>. 7 7«7y 

*ib^©^fij3gj*s»^-rs. 
[0019] cne.4^t*s-nt^co* 

x 9 ^> y**^ -c*s c f *ix azti-etift&ox-^ * 

F;^i-5r«tt5*s. C©#6:ftttJf£^ + W?3© 
SCI 3RO'U>Xl 4*ilbr^7y-r^'l 
«H»»6{caSff3h.CC-Ctftffl3*l&. ^3fc§6 1 «iH 

tfshfc**»*i, 49s«ft©%«jemfts 6 2 tc 
^©^/^©^•n^n©^*^^^ h;u©^fi£$tifc*> 

©r*i*5. — iKbjj»R^COW4->©ft%^^»h 
Mi3 5 0~8 6 0 nm©ffiHT{iSt>^S(C|?aE-rS 

■5. W)l2 10nm-2 36nm©81tli, #{CiK 
S219. Onm. 230. Onm, 211. 2nm, 
2 3 2. 5 nmRV2 24 — 2 2 9nmOiC^IJ- 

So se-pt. cti6©i»rti3&>©ift*«:isw***«rifl 
5C £ tc J: 0 x „ ^> ^*«c*jW5flfefiJW^©SE 

[0 02 0] W-6»«S6 nJ^7fe$i-lfc7t© i 5^2 1 
0 n m~2 3 6 n m©©fflf*g©@f^gA^illin/c!^ 
5£jftS©3fe«:^S^:8SS6 2tc3l»)5fe«g:8SS6 2«^ 
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ox« c o Mix ^ > y^ff fc btir t > & ra 

^<b^SCCi)fcJ>-r^ 0 C(D<fc^fc£j£;tf;*<D^bte, * 
5eSP 6 4 (Mt ft 5S*iUt «0J x \i£j&#A<D%Ht& 

[oo2i] commie Aommicmiz. anncc 

*WJ#»Tx^>yt*TTS. tit. 
J:or*-^-X9^>y*s£*tt»-&0ctt«5EaJ6 4 

XttMl 

Xy ^y^XiltCHF^Z OSCCH CF 4 £20 20 
SCCMRO'T^n>^X^:4 0 0 SCCKTCSS^ f >^^rt«C 
»AU 2 5 0mTorr (mt) . RF 1 3. 5 6MHz, 
6 0 0W, -!/xAgg-2 5 , Ct77X7X^>^ 
frftofc. ttJ&BttW % i/»j3>ilC1 0 000*>^ 

10 0%, eiT^*-Jr*^4^9) tt)R«£b 

r#^t hJt«*v*~ a 

HP*1 0 0%CD^a?^^^CD^5feX^^ bfr&TjkT, 

RZ?T)l^> (At) amtJi^tcX^^V^fA^htl 

<D^ffctt2 1 Onm-2 3 BnmOiirf U^Ci^ 
»o/c 9 ^2 11. 2nm, 2 19. Onm. 2 3 
0. 0nmM2 3 2. 5 n mt?tt^7 9 */>tB16 
*i«clr>tr-*#Btf>6>ft % 2 2 4-2 2 9nmt?(^(D 40 

[0 0 2 2 ] H5icSe*CDi»^Ul«S (4 8 2 nm) 

raJSO/cfc©-?**. B5«fc«)^»>*^(0«^4 0 
Onm-6 00 nmtta$TN5j£^®j(DC OCDffefcfc: 
<££#^g(D*f ftn#ffiI2T'# & e S 6«:Se*©4 8 2 n 
mtfiSttiSflntf A r ©«56(D^lfflr* 0 . tt<DT 50 
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0 0 nm(C*jl»rltlSm®l»*'C*0, *fcA r ©BUB 
365«fcl£(r»iftfi-C& 9 , 4 0 0 n mUb^iaftBJI 

•5*^r©CO(D«36aSttifi<©A r<D^*^g(D^ 
10W>ir*0, SeccAriCWftfiHttl. 5nm 

[0 023] — 0 2 0:0 2 1 9nmttifit(t ifi< 
©CF 1 (22 3. SnmXDftjKSfii^ 1 )*^ 
6©RIE*JSBB5©«*r*5 2 1 9 n m©«36«iKtt« 

g2 1 9nm^^a&giUT<fcOfinrC^C<5: 
H»W2CCiaR©xy^>yttiOj6«^tS: 

«SW2 

<b|pj«i<D^ff-c^p^i o^oiMt^y 3>* 

x-;f>yu x^^>^jg®cc{*^2 l 9. Onmtc 
*W4«*B«©3ttfc (*Ht8) RCM 8 2. Onmk: 

*sw*«#««©gMfc* (turn) *»jee*2dfflt» 
± 5 stifc*5&g«:x *is#m^hmxwj>u. 

mi 5 0(mbMj»6ttlcK!l>l;l!ll 7 0»« 

7 0 r L/ fc £ * <D j&ftftft i fSSOftftttft i 
Ol?: I 0 0»©B*CDft#3SK* lOOt LtMl/c 

fit (Sft*) tt. 3. 4%r*^/c„ cticcatu St* 

©W5£iRfi-e*S4 8 2. 0nm&Ctett&#&m&<D3! 
4b^ (AMI) l. 8%-C&9, **9!©#i6*« 

[0 0 2 4] H6CCH— ^frC'****^ (MP*l 0 
0%) rcDx^^>y4i(07fefi^{b^^-ro H6<fc9^ 

HS&0H3 

9QkMi iH«©*fr"CJC2i£* i . 7Torr (t) ccsc 
x.rx^^>^^rtfac\ HP*l 0%(D»^D^{b* 
*3ft*fc. CCD^CO, #«fi«C*JW4»b**H4CC 
^L/c„ Wii-T 2 5 OmTorr (mt) CO^<D^fb*fc^ 
b/Co &*5B*. *^^«2 5 OmTorr (mt) (DtiH&D 
^7"?xa©X^^ h *J»»0««:2 5 OmTorr 

7Torr(t) (Dm^CD^TO x-^CDX^? hJU*7nT. 

^ h;U (5 0 OmTorr) £^L/c e H4^6fcl86^4 
i:5tC,^S2l9. 0nm©iC5ttt5%a±©S 



7 

{b^Sr^U £/c2 11. 2nm, 2 3 0. OnmRc; 
2 3 2. 5 n m©i C 6t feft 2 %«k$^Lfc 0 

[0 0 2 5] «±©H»«jfe6K &S2 1 
ffiH. *?®CU*2 19. Onm, 2 3 0. Onm. 2 1 

1. 2nm, 2 32. 5 n mR&2 2 4 — 2 2 9 n m<D 

cr) («{K»«ai/tfej:i^, sawwtft 

[0 0 2 6] gfc, JM±©IK6Wrttxtr^>y^i 

»«*«c»* tr - * *nrr x ^ii;^F7>fx 

* * > Plffi&MtllSMMic&yt b - * * w-r £ x ,r 

+ > b %flit >/c f ^ x * =f > ^scc i>mm~r*> c 

[0027] 3 6tC*«!Htt. -MftSJRBifcx 

*\ r^s-? A^Bfc£*x?^>yr*»^fcii 

fflltfe<fc<, ^/c«x^^>^)g(DTfflr^^MHi 
ur«, MARS' V 3>«jW>«K, «^^>«ja 

cctt«Hl»*Bt^* y- F# >^f$, n&ffjcc 
tSBfia(t*»*fcr -/ - f # ? ^ »; > ^oc^n©x 

* * > ^««{c» < £ c > o fcx ? * > Office 

[0 02 8] 
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^««<D«F5e«S2 10n m-2 3 6 nmfc:feW4ffe)fc 
[HHOMtttBMI!] 

[an k.7^x^> y^aisns x 
* * > y^s<D-«s0i^^-r 0 O 

[H2] &fi2 10nm-236nmm^F7-fx 

[03] WP*1 0%<D^*^£x?^>^l,/dfcB2 
19. 0nmS^4 8 2. OnmtCW^^gCD^ 
lt£^T0o 

20 [04] Y^A^v^^n<0^%^^Y}V&xmAt 

[0 5] S£3fe©»*«UJiftS4 8 2nm(Cfcl« F^-f 

[06] HP*1 0 0%CD^:^£x^>yo/dgg 
2 19. OnmSO'4 8 2. 0 n mKteW &3&ma£<D 

^{t£*vr0<> 

1 x^>^l 

2 »*>tfl<* 

30 3 M&* + >'* 

* 6 umms 
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